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There ave two differences of interest in Equations 1 to 4. Fivst, (Ba. 1) coherent
imegery is nonlinearly xulated to the coherent spread function. The relation is
linear for incoherent light. Secondly, (Eq. 3) the spreed function for incoherent
light is non-megative, t; (x) > 0 while the spread function for coherent light may
not only be megative but & complex guantity. In this memo we will consider only
objects without phage varistion i.e., ac(x} is real and non-negative.

Several auchors (1) to (4) consider some effects of aborratione upon ccherent imagery.
Maréchal (1) considers the effect of aberrations on the central intensgity of bright
points and linee on a dark fiald end the reavaree case of dark points and lines on a
bright field. Welford (2) considerz tha eéffact of absrrations on images of bright

lines in reference to spuctroscopss. Steel considers the effeet of sberrations and
pupil obscurations on the imsges of points, lines and edges in reference to a reflecting
microscope. These three referunces treat objects of high contrast., Since coharant
imagery is nonlinear 4t does not follow that these results represent general tolarsnces
for coherent imagery.

Congider the problem of aceurately reimaging a continugus tone photographic negative,
The resulte of refarences 1 to 3 ars of limited value since large areas of the negative
consist of low contrast objects. Thig imagery algo diffars significantly from
miéroscopy bacause tha photographic negative ig band limiced in frequency. Thie means
that although there ie always finer detail to be geen in a microacope image, there is
nothing to be found beyond the cut-off frequency of the sygtem that took the original
negative. For simplicity we will congider this cut-off freguency to be w .= 1 radian
pex unit leangth.

Coherent imagery ig the only vey to form sm exsct replica of a band limited function.
Its particular advantage iz to Pregarve or enhance the normally low contrsst of
small cbjecte. From equstions 1 and 2; we find the image of glx), a low contrasgt
object with no phase variation, is approximately:

£ ) « l4g( *Re{t ()} for { B0 real (53
c ¢ | g | =< |
i () =1+g G % t, G (6)

where Pe { } means the real part of { }. Prom Equation 5 we form an epproximate
spread function and tranefer function for raal low contyust objects.

The low contrast spread function isg
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For the coherent transfer fumctions
j 8G)
T () = e ~ for !w! « 1 (8}
e
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we foxrm the low contrast transfer function which is the Pourier cransform of eguation 7

LY .k G
T =« 13 [T )+ (~w) ] (9%
a "'"""2 < L

= CO# 93 1425] aej 80(2'»{;

where @ a (W) and 9 ° () are the even and odd parts respectively of 8(w) the coherent
tvanafer funetion phage aberrations,
The corraesponding incohsrant transfer function is:

e \
o #* -ty 3
Ti(wf,) = 'rcm T, (v} {10}

For low contrast cohsrent imagery the modulus of the transfer function is & function
of only the even part of the phass aberrations and the argument only of the odd part
of the phase sberrations. This is not so for inecherent imegery where the modulus
and arguments of the incoherent iransfer function are functions of both the aven snd
odd partes of the phase sberrations except for the special case when the odd part is
zero then the argument is also zure.

A3 2v example, considar & squara law phase aberration (corresponding to an error in
focus) acrosé the aperture of an optical syatew for which:

() = Zucbwz (11)

The meximum error is b wavelengthz at w =~ 1. From equations 9 end 10, we find:

Ta(w} = eoB €2ﬂbw2} for ‘vt < 1 {12}
T, () =  sinf2sb (2lv] _Wz}m 1 for |w| < 2, (13)
L w b Iwi

Equations (12} and (13) ere shown im Figure 1 for several values of b. Negative
values (1807 phass reversel) ars indiceted by a nagative sign., Pigure 1 is intended
as an illustratisn only and i» mot to bz imterpreted as a tolarence.

-
In zeneral, | Ta{tfsj) I | T, () | in the xagion of interast, vl <1, even 1f T, (w)
has small phase sberrations and fti(w‘,} deeg not. For this reasor, it sppears thaet if

& lans performs satiafactorialy by conventionsl stendards with imcoherent light it
- ghould be at lesst es gatisfactory im coharent light. The eract degres of aberraticn

peonitted itz a tative mpasure of imzge quality, Work is presently in
STAT progress at te find guch a massure.
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The tolerasce placed on lens surfzce polish should be determined by the amount of
scattered lLight which can be tolaratad in the gystem. Tha average light scattered

is the seme with coherznt and imccherent light but the microscopic nature of the
scattered light will differ. The coherently scatterad light will exhibit a charecter-
istie granular structure while the incoherently scattered light will be unifomm.

Xf one considers the light gcattered by & bright line imsge of brightnege R into &
dark region due to small rendom surface roughness, one finds that the dark region
will heve an avarage seattered light background of unity &t & given locatiomn when:

2
Eh\f n-13 & mg] = R {14
. A 3

Heve B rma is the root-msse-vavristion in surface roughpess per cycle for all surfecex
end n the refractive index. A2 an exawple for s photographic imaging system, we cen
take R = 10" as the largest useable range of intensities because of the linited
dynamic range of photographic film, n » 1.5 and A = $328°A for the helium-neon lasex.
For theee conditions, oue finds roughness for all surfaces:

e - -
ﬁrms < 20 A per cycle for all surfaces {153
For each of N gsurfacen: : .
Y]
B < 20 & per cycle per surfece {16}
rms ;g;-“ »

if the roughnass is raadom.

localized defects such as bubbles, digs and scratches preagn:t a different problewm.
In additien, depending upon the light souree, reflection may present & problem.
These will be considarad in the next memo.
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